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ABSTRACT 

A large proportion of college students majoring in 
science are unable to translate even simple sentences into algebraic 
equations. Given the following sentence, "There are six times as many 
students (S) as professors (P) at this university," 37% of 150 
freshmen engineering students in a study conducted in 1981 by 
Clement, Lockhead, and Monk wrote the following equation: 6S=P, 
referred to as the reversal error. It is plausible to suggest that in 
order to overcome the reversal error students need to operate in a 
hypothetico-deductive manner. The objective of this study was to 
investigate the relation between student ability to translate 
sentences into equations, equations into sentences, and student 
performance in the following variables: formal operational reasoning; 
proportional reasoning; and achievement in an introductory freshman 
level chemistry I course. Selected results shov; that: (1) as the 
student ability to translate sentences into equations and equations 
into sentences increases, their mean scores in chemistry I, formal 
operational and proportional reasoning increase; and (2) ability to 
translate an equation into a sentence does correlate with student 
scores in chemistry I while the reverse translation does not. This 
study reports support for the hypothesis that students who lack 
formal operational reasoning (hypothetico-deductive reasoning) may 
experience more problems in the translation of algebraic equations. 
(MVL) 
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INTRODUCTION 

The ability to translate a problem usually expressed in words into a 
algebraic equation and retranslate an equation back into words, is an 
inportant part of science and mathematics courses at the secondary and 
college level. Clemsnt, Lochhead and Monk (1981) have shown the inability 
of a large proportion of science major college students to translate """en 
simple sentences into algebraic equations. The authors along with other 
problems used the Students and Professors Problem (presented below) in a 
study based upon 150 freshnBn engineering students and found that 37% 
missed the problem. 

Students and Professors Problem; 

Write an equation using the variables S and P to represent the 
following statenent: "There are six times as irany students as 
professors at this university". Use S for the nunnber of students 
and P for the nunnber of professors. 
Rou^iLy half of the students in the study vere given the hint: "Be careful. 
Sate students put a number in the wrong place in the equation". It was 
found that the group given the hint, scored 3% higher. Clemgnt, Lochhead 
and Monk (1981) further reported that tvro-thirds of the errors took the 
form of a reversal of variables such as 6S = P, instead of the correct 
S = 6P. These results led the authors to observe that in secondary school 
nathematics courses students are rarely asked to "construct" a formula or 
to int.erpret one in a significant way, and to conclude that student difficulty 
in translation problers was deep seated and not die to carelessness. Rosnick 
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and Clonent (1980) further point out that in tha Students and Professors 
Problan, subjects confuse the use of letter as a variable with the use of 
letter as a label or unit. After making the reversal error 6S = P the 
subjects read the equation as "six students for every professor", i.e., 
identified the letter S as a label standing for "stixJents" rather than 
making the correct interpretation that S means the "nunnber of students". 
Finally, the authors ccMiclude that the reversal error in translating 
algebraic equations is a resilient one and not easily tauc^t away. 

Clement (1982) has conducted protocol analysis in order to determine 
the cognitive events underlying the different approaches utilized by the 
students to solve the Students and Professors Problan, and other similar 
problons. The following three approaches v^re identified from the protocols: 

a) Word order mtching approach; It involves the direct rapping of the words 
of English into the syntools of algebra, which leads to a reversed solution. 
For exairple: There are 6 times as many students as professors 

6 . S = P 

b) Static conparison approach ; Students using this ajproach do conprehend 
that there are more students than professors. The protocols show that sone 
of the stxjdents even wrote the correct answer, considered it, and finally 
switched to the reversed equation, i.e., 6S = P. Clemsnt, Lochhead and Monk 
(1981) consider this approach as an iniportant first step in the translation 
process ( =is it goes beyond the word order nretching approach) vfeLch eventually 
leads to the use of a sonantic approach dependent on the neaning of the problem. 

c) Operative approach : This requires the corprehension of the static conparison 
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approach, together with the ability to invent an operation, such as, 
increasing the nurber of professors six tijTes. Thus S = 6P describes 
an equivalence relation that would occur if one 'were to perform a particular 
hypothetical operation, i.e. , iraking the group of professors sijc tines larger 
than it really is. 

The reversal error appears to reveal a stable and persistent problem 
concerning the ireaning of variables and equations. Clemsnt, Lochhead, and 
Soloway (1979) have shown that translation reversal difficulties app ^ 
consistently even in different syntool systems, i.e., in translation from 
pictures to equations, data tables to equations and equations to sentences. 

Clement (1982) further suggests that most of the reversal errors were 
due to a difficulty in translating words into algebraic equations, rather 
than, a difficulty with sinple algebraic manipulation skills (for exanple, 
solve for X; v^en 5X = 50) or with simple ratio reasoning of the type: Jones 
uses 3 gallons of gas for driving 60 miles. How many gallons would he use 
for driving 90 miles? 

Wollman (1983) has studied the sources of error in translation from 
sentence to equation and found that the principle sources for the reversal 
error vere: haste, failure to think »f checking the equation; failure to 
base the equation on the meaning of the sentence, and use of non-algebraic 
symbols. Wollman (1983) suggests the following mDnitoring processes that 
could help ijiprove student performance in translation problens: 1) Always 
check any ansv^r; 2) Check the equation; 3) Conpare the equation to the 
sentence? 4) Find tte greater quantity in the equation and the greater 
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quantity in the sentence and cortpare the tvK> quantities; 5) Find nutibers 
that satisfy the sentence and substitute them int-o the equation. 

In a recent study Lawson (1986) has explored the relationship betv^een 
student misconceptions (Driver, 1981) and reasoning patterns, and suggests 
that for students to overcone their misconceptions, they must be able to 
logically "see" how the evidence supports the scientific conceptions and 
contradicts the naive misconception. Logically "seeing " this requires the 
use of formal operational reasoning, vAiich is necessary to evaluate alternative 
scientific conceptions in a hypothetico-deductive manner. Thus it is not 
surprising that the operative approach (Clement, 1982) imntioned above, 
necessary to solve the Students and Professors Probleri correctly, requires 
the students to operate in a hypothetico-deductive manner, i.e., performing a 
hypothetical operation vAiich rrakes the group of professors six times larger 
than it really is (S = 6P). 

The objective of the present study j.s to investigate the relation 
betv^n student ability to translate sentences (Spanish) into equations, 
equations into sentences (Spanish), and student performance in the following 
variables: a) Formal operational reasoning; b) Proportional reasoning; and c) 
Introductory freshmen level chemistry course. 

^^THOD 

The subjects (Ss) v^re 54 freshmsn science major students: (Mean age = 
18.1 years; SD = 1.1) at the Universidad de Qriente, Venezuela, who had 
registered for Chemistry I. All Ss were pretested at the start of the 
semester, using the followong tests: 
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a) Lawson (1978) Classrocxn Test of Fornal Reasoning (a sli^tly nodified 
version). The test includes 15 itens requiring the Ss to isolate and 
control variables, and use proportional, probabilistic, conbinatorial and 
conservation reasoning. A split-half reliability coefficient of 0.75 was 
obtained for the present sanple. 

b) ProportionSuL reasoning. The four items of proportional reasoning in the 
Lawson Classroom Test of Fonrel Reasoning were used to con^te student 
scores in proportional reasoning. Twd of the items involve pouring of water 
from a wider to a narro'" cylinder and the other tw are based on equilibrium 
in the balance beam. 

c) Test A. Using syirbols write an equation which represents, each of the 
following sentences: 

Item Al; There are six times as rreny students as professors at this university. 

Item A2 ; In a classroom there are five times as many boys as girls. 

Item A3 ; A country sells four tisvas as much wheat as com. 

Item A4 ; A store sells six times as nany shirts as pants. 

Item A5 ; Density is defined as mss per unit volume and could be expressed 
in units such as: grams and litres. 

Item A6 : Molarity is defined as the number of rrales of solute dissolved in 
one litre of solution. 

d) Test B 

Item Bl : In an experiment it was found that: X = 0.2 Y 

(where X = volume of gold; Y = volume of aluminium) 
It could be concluded that: 

a) The volume of gold is greater than that of aluminium. 

5 
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b) The voluriB of alunranium is greater than that of gold. 

c) The volure of alundnium is equal to that of gold. 

d) None of the previous. 

Item B2 ; Given the follovdug equation: Y = 4X 

(where X = Nunber of ties sold by a store; and 

Y = Nunrber of socks sold by the same store) 
It couLLd be concluded that: 

a) The store sells more ties than socks. 

b) The store sells more socks than ties. 

c) The store sells the same nunnber of socks as ties. 

d) None of the previous. 

Items B3, B4 and B5 : A super market sells four tisvas as much milk as juice. 

Please ans\^r the following questions: 

Item B3 : If the super market sold 120 litres of milk, then how many litres 
of juice did it sell? 

Item B4 : If the super market sold 50 litres of juice, then how rreny litres 
of milk did it sell? 

Item 35 : According to the sentence, does the store sell more milk or more 
juice. 

The students \^^re asked to justify their ans\^rs in all the tests. All 
items v^re scored 0, 1. The Lawson test, Proportional reasoning test. Test A, 
and Test B, had a maximum score of 15, 4, 6 and 5 respectively. Test B was 
administered separately, tw v^ks after the Test A. One inportant difference 
from Clerrent, Lochhead and Monk (1981) and Woliiran (1983) studies should be 
noted in the manner of formulating the questions. The first group of authors 
used the following hint for rouc^y half of the students: "Be careful. Sco^ 
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students put a nurnber in the wrong place in tlie equation". On the other hand, 
Wollman (1983) used the following item format: "Item: A store sells six tinK^s 
as nany volleyballs as footballs. Instructions: Let V stand for the number of 
volleyballs and F stand for the nunnber of footballs. The equation should relate 
F, the number of footballs, to V, the nunnber of volleyballs. The total nurriber of 
footballs and volleyballs has nothing to do with the question". Items Al, A2, A3, 
and A4 were adapted from CleriBnt (1982) and Wollnan (1983). A split-half reliability 
coefficient of 0.64 was obtained for the six items of Test A. Item Bl was adapted 
from Niaz (1985, 1988). Items B2, 83, B4, and B5 were adapted from Wolljnan (1983). 
A split-half reliability coefficient ->f 0.58 'abs obtained for the five itens of 
Test B. Student perfonmnce in Chemistry I was evaluated during the sen^ster oy 
administering three class tests (multiple-choice and computational items), w.l.th a 
rraxinrun score of 30 points, based on the following topics: Fundamental Laws, 
Stoichiom;itry, Solutions, and Gases. Evaluation in Chemistry I fonmd part of Iho 
grades obtained by the students. 

RESULTS AND DISCUSSION 
Table 1 sho^ that the difficulty level of item Al, A2, A3, and A4 
(translation of a sentence into a equation) and item Bl (translation of a 
equation into a sentence) is about the saro. It can further obser^/ed thai 
in itaTiS Ai , A2, A3, and A4, almost three- fourths of the errors took the form 
of a >-eversal of variables. Item A5 deals witl. the concept of density, fairly 
common for science imjor students. It was found that 21 (38.9%) students wrote 
the following equation: d = m . V (d=density, m=mass, V=volume) and 5 (9.3%) 
students wrote the following equation: d = m . V = grams/litres. It is interest- 
ing to note tliat there is a tendency to translate the sentence "literally" intu 
an equation. 
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In Item Bl, 22 (40.7%) students responded s a) The volume of gold is 
greater than that of alunninium. Sane of the students reasoned in the 
following nanner: X = 1; Y = 0.2; /. X Y. It is inportant to note that 
the contextual cue (aluminium is lighter than gold, and thus wuld occupy 
more volume) did not help the students. 

It is interesting to note that in Item B2, 24 (44,4%) students responded: 
a) The store sells mDre ties than socks, and justified the answer by arguing 
that the store sells 4 ties for every pair of socks. Wolljran (1983) uses the 
sartB item in his Study 2, with the difference that he asked three questions of 
the type: 1) If X = 28, what is Y? 2) If Y = 36, what is X? 3) Which must be 
greater, X or Y? The fonrat used by Wollnnn led to an alrost 100% performance 
by the students, whereas, the multiple-choice reasoning forrat used in this 
study led to a considerably low perfomance of 25.9%. The fomat used in this 
study seems to be preferable as it avoids plugging of values in the equation, 
which the student acquires as a irenipulative skill in secondary school 
mathematics courses. 

Out of the 47 students who responded correctly in Item B3, 14 responded 
by explicitly formulating the following reasoning strategy: 

4 litres of milk > 1 litre of juice 

120 litres of milk > X = 120/4 ^ 30 litres of juice. 

The sams 14 students responded correctly in Item B4 , by explicit use of the 
follov/ing reasoning strategy: 

1 litre of juice > 4 litres of milk 

50 litres of juice > x = 4.50 = 200 litres of milk. 

It is interesting to note that all these 14 students responded to Items Al, 

8 



ERLC 



10 



A2, A3, and A4 by comtdtting the reversal error. Apparently these stuients 
do xinderstand the problem to a certain extent, and can reason adequately, 
but still fail to vnrite an algebraic equation, vuhich could represent the 
sentence. Eight students responded correctly in Item B3 by fonmlating an 
algebraic equation of the form: Y = 4X; and 6 of these 8 students formulated 
the same algebraic equation to solve correctly Item B4. Out of the 8 students 
viio nespCMTded correctly by formulating an al^braic equation in Item B3, 7 
cortmitted the reversal error while solving Items Al, A2, A3 and A4. It is 
possible that Item B2, in which the students are presented an equation, could 
have helped the students to later formulate an equation of the form Y = 4X, 
in Item B3. The results, hov«^ver, are not conclusive on this point, in view 
of the fact that out of the 8 students vnio formulated the equation correctly 
in Item 33, only 4 had previously responded Item B2 correctly. 

Table 2 shows the relation betveen the ability to translate algebraic 
equations and student perfonrance in Chemistry I, Fonral and Proportional 
reasoning. It can be concluded that as tlvs total score in Items (A and B) 
decreases, the possibility of comnitting the reversal error is greater. 
The results obtained provide support for the hypottesis tliat students 
who lack foniHl operational reasoning skills (hypothetico-deductive 
reasoning) may have wore difficulty in translating algebraic equations. 

It is important to note that although Cleirent (1982) found that siirple 
ratio reasoning was not ijiportant for translation of sentences into equations, 
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this study shows that those students who lack proportional rBasoning, 
obtain a lower score in items A and B. Tabljj 3 shows a Pearson correlation 
coefficient, r = 0.57 (p<:^ 0.05) bet\^n the total scores in Items (A arid B) 
and Items of proportional reasoning. 

Similarly it can be observed from Table 3 that: 

a) Correlation coefficient betv^n ^lotal (A and B) and FomBl operational 
reasoning, r = 0.51 (p<[^0.05). 

b) Out of the 4 items requiring translation of a sentence into an equation 
three (Items Al, A2 atid A3) liave a significant correlation with Fortral 
and Proportional reasoning. 

c) Items Bl and B2 requiring the translation of an equation into a sentence 
have a significant correlation with scores in Chemistry I, Fomul and 
Proportional reasoning. 

d) It is interesting to note that the ability to translate sentences into 
equations (It^is Al, A2, A3 and A4) aoes not correlate with student scores 
in Chemistry I. On the other hand the ability to translate an equation 
into a sentence (Items Bl and B2) does correlate significantly with 

student scores in Chemistry I. 

e) Correlation coefficient (r = 0.29; p<^ 0.05) between Item A6, which 
indicates the ability to memorize a definition and student scores in 
Chemiscry I is significant. 
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CONCLUSIONS 

This study has found support for the hypothesis that students vAio 
lack proportional and fomnl operational reasoning (hypothetico-deductive 
reasoning) nay experience greater difficulty in the translation of algebraic 
equations. Apparently in order to overcofne the reversal error students 
require the generation of alternative hypotheses and their test through 
experiirentation, data collection, and hypothetico-deductive reasoning. In 
view of t\ye fact tliat fonnal operational reasoning enables the students to 
evaluate alternative hypotheses in a logical manneiT, concrete operational 
students are expected to have more problems in the translation of algebraic 
equations. 

Student success in an introductory freslmin level Chenfdstry I course 
depends more on tlie translation of a sentence like the one in Item A6, vciich 
requires the nremorization of a definition, than on the translation of 
sentences (Al, A2, A3, and A4) requiring the generation of a hypothetical 
operation. This finding leads one to the observation nBde by Rosnick and 
CleiTenl: (1980) that large nurrber of students may be slipping tlirough their 
education with good grades and little learning. That so imny science TOjor 
students are confused at the interface betv^n algebraic symbols and their 
meaning, is an indicator of an educational system that focusses prirrarily 
on manipulative skills. It is a cause for concern that rrost of our students 
can manipulate equations, find derivatives, and pass exams, but yet fail to 
carprehend verbal descriptions of real world every day problems. 
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TABf^ I 

STUDEm RESPONSES AND REVERSAL ERRORS IN DIFFERENP ITEWS OF 
TEST A AND TEST B (N=54) 

No. of Correct No. of Reversal 



Item 


Responses 


(%) 


Errors 


(%) 


Al 


3 


(5.6) 


42 


(77.8) 


A2 


3 


(5.6) 


40 


(74.1) 


A3 


3 


(5.6) 


41 


(75.9) 


A4 


2 


(3.7) 


38 


(70.4) 


A5 


25 


(46.3) 






A6 


48 


(88.9) 






Bl 


4 


(7.4) 






B2 


14 


(25.9) 






B3 


47 


(87.0) 






84 


49 


(90.7) 






B5 


51 


(94.4) 
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TABLE 2 

RELATION BETIVEEN TOTAL SCORE IN ITEMS OF TESTS (A & B) AND STUDENP PERFORMANCE IN 
CHSr-USPRY I, FORMU AND PROPORTION,*'iL REASONING (N=54) 



Total Score 
Items (A & B) 


N 


Chemistry I 


Fonral 


Reasoning 


Proportional Reasoning 


Mean 


SD 


hfean 


SD 


Mean 


SD 


1-2 


4 


1.25 


0.89 


1.15 


0.75 


0.00 




3-4 


17 


6.47 


4.79 


3.37 


2.59 


0.62 


0.83 


5-6 


29 


11.15 


7.85 


4.27 


3.26 


1.10 


1.43 


7-8 


2 


7.88 


1.38 


3.45 


1.85 


1.75 


0.25 


9-10 


2 


11.50 


0.50 


7.55 


0.75 


3.25 


0.25 
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TABLE 3 

PEARSON CORRELATION OOEFFICIENTS FDR ITEMS OF TESTS (A & B) AND CHEKISTRV I (Chein), POfSm. ( FlU AND PROPORTIONAL REASONING (PR) 

Total Total Total 

Al A2 A3 A4 A5 A6 A Bl B2 B3 84 B5 B (A&B) FR PR Chem 

Al 1 

;a 1.00* 1 

A3 1.00* 1.00* 1 

A4 0.81* 0.81* 0.81* 1 

** ** ** ** 

AS 0.09 0.09 0.09 0.01 1 

A6 -0.17 -0.17 -0.17 -0.24 0.21** 1 

''■'^ ******* 

A 0.79 0.79 0.79 0.64 0.61 0.24 1 

81 0.24** 0.24** 0.24** -0.05 -0.12 0.10** 0.12** 1 

82 0.41** 0.41** 0.41** 0.33** -0.04 -0.06 0.29** 0.48** 1 

** ** ** ** ** ** ** ^ ** ,^ 

83 0.09 0.09 0.09 0.08 0.25 0.21 0.26 0.11 -0.02 1 

** ** ** ** ** ** ** ** ** ** 

84 0.08 0.08 0.08 0.06 0.17 0.29 0.23 0.09 0.19 0.64 1 

** ** ** ** ** ** ** ** ** * 

85 0.05 0.05 0.05 0.04 -0.01 0.24 0.10 0.06 0.12 0.22 0.61 1 

'tal ** ** ** ** * * 

B 0.32 0.32 0.32 0.19 0.08 0.21 0.35 0.57 0.66 0.60 0.76 0.53 1 
>tal ^ ** ** * ** ** 

.SB) 0.69 0.69 0.69 0.52 0.43 0.28 0.84 0.41 0.57 0.52 0.59 0.37 0.80 1 

'k'k -k-k -kk ** ** ^* 

FR 0.28 0.28 0.28 0.20 0.07 0.26 0.33 0.33 0.41 0.30 0.32 0.22 0.52 0.51 1 

PR 0.39 0.39 0.39 0.24 0.22 0.14 0.44 0.29 0.48 0.26 0.25 0.15 0.49 0.57 0.85 1 

r\em 0.05 0.05 0.05 0.02 0.17 0.29 0.21 0.39 0.36 0.40 0.34 0.21 0.56 0.46 0.67 0.67 1 



* V ** / 

p^^O.l P ^0.05 



